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(54) Continuous liquid flow system

(57) The disclosure relates to a system for continu-
ous delivery of a measured flow of liquid to a processing
apparatus comprising a reservoir (10) for holding a bulk
supply of the liquid and, an intermediate vessel (12). A
first pump delivers liquid from the intermediate vessel to
processing equipment at one rate. A second pump (13)
delivers liquid from the reservoir to the intermediate ves-
sel of a second much faster rate. A pressure transducer
(14) continuously monitors the weight of the liquid in the

vessel and controls the first pump accordingly to deliver
the required weight of liquid at the required rate to the
processing equipment. The pressure transducer deter-
mines when the weight of liquid in the intermediate ves-
sel has reached a minimum position to initiate operation
of the second pump (13) to refill the vessel and a further
device terminates operation of the second means when
the liquid level in the vessel reaches a maximum posi-
tion.
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Description

[0001] The present invention relates to a method of
continuously measuring the flow of a liquid. Pumping liq-
uids often results in the generation of bubbles which
make it difficult to measure and control with convention-
al flow measuring devices.
[0002] In the field of gaseous phase sterilisation the
most common method to generate the vapour is by
evaporating an aqueous solution of the sterilant on a hot
surface. Typically, the solution would be 35% w/w hy-
drogen peroxide. Such solutions tend to be unstable and
give off bubbles of gas, which interfere with the conven-
tional flow measuring systems.
[0003] This problem was recognised and dealt with in
EP-B-662844, by drawing the sterilising solution from a
container into an accumulator and measuring the weight
loss in the container. Whilst this technique allows for a
known weight of liquid to be delivered to the evaporator
and then to turn this weight of liquid into a vapour it has
two shortcomings. Firstly, it is necessary to decide at the
start of the process how much liquid will be required,
and secondly it limits the amount of liquid that may be
dispensed. The apparatus described in EP-B-662844
requires that the liquid flow rate to the evaporator is
greater than the flow rate used to fill the accumulator.
This difference in the flow rate means that the accumu-
lator cannot be refilled from the container as the flow
from the accumulator will always be greater than the
flow with the accumulator.
[0004] It is also important in gaseous sterilisation
process to be able to control the concentration of the
gas being delivered to the chamber to be sterilised. The
concentration will depend on the mass flow of the carrier
gas, normally air, and the rate at which liquid is evapo-
rated into the air stream. The present invention not only
deals with the first two difficulties found in Patent EP-B-
662844 but also provides a method of measuring and
controlling the liquid flow to the evaporator.
[0005] An object of the present invention is to provide
a method for continuously delivering a measured flow
of liquid to a processing apparatus such as an evapora-
tor when the liquid may be unstable and bubbles may
be generated spontaneously in the liquid flow path.
[0006] This invention provides a system for continu-
ous delivery of a measured flow of liquid to a processing
apparatus comprising a reservoir for holding a bulk sup-
ply of the liquid, an intermediate vessel, first means to
pump liquid from the intermediate vessel to processing
equipment at one rate, second means to pump liquid
from the reservoir to the intermediate vessel at a second
much faster rate, means to monitor continuously the
weight of liquid in the vessel and to determine the mass
flow rate of liquid from the intermediate vessel and to
control the first pump means accordingly to deliver the
required weight of liquid at the required rate to the
processing equipment, means to determine when the
weight of liquid in the intermediate level has reached a

minimum position to initiate operation of the second
pump means to refill the vessel and means to terminate
operation of the second pump means when the liquid
level in the vessel reaches a maximum position.
[0007] More specifically the intermediate vessel may
have a pressure transducer positioned adjacent the bot-
tom of the vessel for determining the weight of liquid
therein.
[0008] The control means for initiating operation of the
second pump to recharge the intermediate vessel from
the reservoir may be arranged to deactivate the control
of the first pump means in accordance with the rate of
depletion of liquid from the intermediate reservoir, the
first pump means running at a constant rate during the
period of replenishment of the intermediate reservoir.
[0009] In any of the above arrangements the further
pump arrangement may provided to return any unused
liquid in the intermediate vessel to the reservoir.
[0010] In one specific embodiment according to the
invention, the system consists of a primary liquid reser-
voir, a measuring tube, and pumps to transfer the liquid
from the reservoir to the measuring tube, and from the
measuring tube to the liquid evaporator. A further pump
may be provided to remove any residual liquid from the
measuring tube to the reservoir at the end of the sterili-
sation cycle. The delivery rate of the pump feeding the
liquid from the reservoir to the measuring tube should
be about 20 times faster than the maximum speed of
the pump delivering the liquid from the measuring tube
to the evaporator. The liquid flow rate required to be de-
livered from the measuring tube to the evaporator will
depend on the mass flow of the carrier gas and the re-
quired concentration of the sterilising gas.
[0011] The liquid is first pumped from the reservoir in-
to the measuring tube. The pressure at the bottom of
the measuring tube will increase with the height of the
column of liquid and is measured using a pressure trans-
ducer.
[0012] When sufficient liquid has been delivered to
the measuring tube the pump delivering the liquid will
be stopped and the system is ready to start delivering
liquid to the evaporator.
[0013] As soon as it is required to start the sterilisation
process liquid is pumped from the measuring tube to the
evaporator, and the rate of change in the height of the
column is measured using the pressure transducer. The
change of pressure may be converted into a mass flow
rate from knowledge of the diameter of the measuring
tube. Once this rate of flow is known it may be used to
adjust the pump speed to correct any deviations from
the selected mass flow. Because this is a genuine mass
flow technique it eliminates the effects of bubble forma-
tion.
[0014] When the level of the liquid in the measuring
tube falls to a pre-set low level the filling pump is started
and the measuring tube is refilled as before. During the
refilling process the delivery pump to the evaporator
runs at the last adjusted speed and the mass flow of the
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liquid in the evaporator is assumed to remain constant.
[0015] At the end of the sterilisation process the con-
trol system calculates the total mass of liquid delivered
to the evaporator from the mass of the liquid delivered
from the measuring tube, plus the calculated mass flow
during the time taken to re-fill the measuring tube.
[0016] The following is a description of a specific em-
bodiment of the invention, reference being made to the
accompanying drawing which is a diagrammatic view of
a liquid delivery system according to the invention.
[0017] Referring to the drawing, there is shown an ap-
paratus for producing a measured continuous flow of liq-
uid such as water to a processing apparatus such as an
evaporator.
[0018] The apparatus consists of a container 10 fluidly
connected by a pipe 11 to a column form measuring tube
12 via a pump 13. At the base of the measuring tube is
fitted a pressure transducer 14 to measuring the pres-
sure exerted by the column of liquid in the measuring
tube. Pump 15 delivers liquid to an evaporator (not
shown) from the measuring tube. An overflow tube 16
is provided to connect the top of the measuring tube to
the container to return excess fluid to the container
should a fault arise and the measuring tube becomes
overfilled. A further pump 17 is used to pump excess
liquid at the end of the sterilisation process via pipe 18,
which fluidly connects the base of the measuring tube
to the container.
[0019] A control system, typically based on a PLC, is
used to control the operation of the apparatus. The
pump 15 is a variable speed pump typically a peristaltic
pump, and may be used to vary the liquid flow rate from
the measuring tube to the evaporator. The pump 13 is
a fixed speed pump, typically having a mass flow rate
about 20 times greater than the maximum delivery rate
of pump 15. Pump 17 is used to empty the measuring
tube at the end of the cycle and may have any conven-
ient rate. Typically pump 13 and pump 17 are peristaltic
pumps, but any other type that is compatible with the
liquid would be suitable. The liquid to be evaporated as
the sterilising agent is first pumped from the container
through the pipe fluidly connecting the container to the
measuring tube by the pump 13, until the required mass
of liquid as measured by the Pressure Transducer has
been transferred.
[0020] Once the measuring tube is full then the sys-
tem is ready to start delivering the liquid to the evapo-
rator using the pump 15. The initial speed of the pump
15 is set by the control system to give the desired mass
flow rate. The initial speed of the pump is set by refer-
ence to the data stored in the PLC from the calibration
of the pump speed and the flow rate.
[0021] Once liquid is delivered to the evaporator by
pump 13, the liquid level in the measuring tube will start
to fall, and hence the static pressure measured by the
pressure transducer will also fall. By monitoring the rate
of fall of pressure the PLC is able to calculate the actual
delivery rate achieved by pump 15. The PLC is then able

to adjust the speed of pump 15 to adjust for any devia-
tion of the actual mass flow from the required mass flow.
[0022] Should the sterilisation not be completed when
the liquid in the measuring tube falls to the minimum lev-
el, then the pump 13 will be started by the PLC filling the
measuring tube. During the period of time that it takes
for the pump 13 to fill the measuring tube the pump 15
remains running at the last adjusted speed. As soon as
the measuring tube is re-filled then automatic adjust-
ment of the speed of pump 15 is resumed to maintain
the required mass flow rate.
[0023] The number of times that the measuring tube
may be re-filled is only limited to the amount of liquid
available in the container. Should very long sterilisation
processes be required it is possible to replenish the liq-
uid in the container either manually or with a separate
automatic system, which senses the level of liquid in
container using a dip tube.
[0024] At the end of the sterilisation period the pump
17 returns any remaining liquid from the measuring tube
to the container. The overflow pipe which fluidly con-
nects the top of the measuring tube to the container is
provided in the event of an equipment failure and pump
13 should continue to operate after the measuring tube
has been filled.
[0025] Further safety features may be programmed
into the PLC to ensure that the tube is filled within a fixed
period of time, to avoid the problem of a failure of pump
13 or having an empty container.
[0026] The total mass flow may be calculated from the
change in pressure in the measuring tube, and if nec-
essary adjusted for the liquid delivered while the meas-
uring tube is being re-filled. The adjustment may be
made from knowledge of the time taken to re-fill the tube
and the flow rate immediately before the re-filling was
started.
[0027] The measuring tube may be re-filled any
number of times and each time this occurs an adjust-
ment must be added to the total mass flow.
[0028] The system is particularly suitable for use in
the sterilising apparatus described and illustrated in
EP-B-1214103.

Claims

1. A system for continuous delivery of a measured
flow of liquid to a processing apparatus comprising
a reservoir for holding a bulk supply of the liquid, an
intermediate vessel, first means to pump liquid from
the intermediate vessel to processing equipment at
one rate, second means to pump liquid from the res-
ervoir to the intermediate vessel at a second much
faster rate, means to monitor continuously the
weight of liquid in the vessel and to determine the
mass flow rate of liquid from the intermediate vessel
and to control the first pump means accordingly to
deliver the required weight of liquid at the required
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rate to the processing equipment, means to deter-
mine when the weight of liquid in the intermediate
level has reached a minimum position to initiate op-
eration of the second pump means to refill the ves-
sel and means to terminate operation of the second
pump means when the liquid level in the vessel
reaches a maximum position.

2. A system as claimed in claim 1, wherein the in-
termediate vessel has a pressure transducer posi-
tioned adjacent the bottom of the vessel for deter-
mining the weight of liquid therein.

3. A system as claimed in claim 1 or claim 2, wherein
the control means for initiating operation of the sec-
ond pump to recharge the intermediate vessel from
the reservoir deactivates the control of the first
pump means in accordance with the rate of deple-
tion of liquid from the intermediate reservoir, the first
pump means running at a constant rate during the
period of replenishment of the intermediate reser-
voir.

5. A system as claimed in any of the preceding
claims, wherein the further pump arrangement is
provided to return any unused liquid in the interme-
diate vessel to the reservoir.
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